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Spatial analysis and temporal trends of antimicrobial use in Danish pig
herds following the introduction of the Yellow Card scheme
Ana Carolina Lopes Antunes1* and Vibeke F. Jensen1
1  DTU Veterinary Institute, Technical University of Denmark, Denmark
Monitoring systems are essential for detecting changes in disease status in a timely and effective manner [1]. The ability to detect 
changes in disease occurrence depends to a large extent upon the choice of data source [2].  
The VetStat database was implemented in Denmark to monitor the use of drugs in livestock and to ensure transparency and 
compliance with legislation [3]. It is mandatory to register all purchases of prescription-only drugs for production animals either 
passively (by pharmacies and feed mills at the point of sale) or actively (by veterinarians). 
The Yellow Card scheme was designed to target pig farmers using high amounts of antimicrobials and it was implemented in 2010 [4]. 
A Yellow Card initially releases an order to reduce antimicrobial use below the threshold within nine months. The Yellow Card scheme 
is the first of its kind, where interventions are directed at the farmer, based on actual herd-level prescription patterns registered in 
VetStat. These data provide a unique opportunity to monitor temporal and spatial changes in antimicrobial usage. These data can be 
used as a proxy for disease occurrence for all Danish Swine herds.  
The present study investigated the changes in antimicrobial usage spatial patterns from 2008 to 2017 and the temporal trends with 
the establishment of the Yellow Card for each age group. The findings might help decision makers to use these data for disease 
surveillance and define a historical baseline for future monitoring and surveillance programs. 
All purchases of antimicrobials made between January 2008 and December 2017 in Denmark were included in the analysis. For each 
purchase, the date, farm ID, age group, and disease group at the time of prescription were recorded. To make comparisons among the 
herds, we used Animal Daily Doses (ADD) as the unit of measurement for antibiotic use [5]; ADDkg defines the dose of treatment for 
1 kg animal body weight. The number of days between consecutive purchases was used to estimate the average daily use of 
antimicrobials within the herd, assuming that all purchased antimicrobials were used at a constant rate. The data were then 
aggregated per month and the number of swine registered in the manure account was used to calculate the amount of antibiotic usage 
per pig-day for each herd.  
An univariate dynamic linear model with a linear growth component, as previously described [6], was used to model each data stream 
at the herd level. This model is based on a Bayesian framework in which the observed data are combined with available prior 
information, which is expressed as a prior distribution at each time step. Different combinations of parameters were tested to 
optimize the models based on data from 2008 to 2009. The growth component of each time series was extracted for each time step t. 
Alarms were generated based on a trend for significant differences below zero being found using the 95% CI.  
The maps with the monthly antimicrobial usage for each age group were created based on 10 x 10 km cells. The kernel smoothing 
surfaces were calculated based on a Gaussian model [7]. The median of specific monthly bandwidths was calculated for the age group 
and used to perform kernel smoothing, in order to identify any temporal differences. 
The highest percentage of herds with a significant declining trend of antimicrobial consumption happened in 2010 both for weaner 
(maximum of 14.8%) and sow (9.7%) herds. For finisher herds, an increasing percentage of farms had a significant decline in the 
antimicrobial trend from 2011. Curiously, the second increase in herds having significant declining trends was observed between 2012 
and 2014 for weaner and sow herds followed by the same type of increase for finisher herds between 2014 and 2015.  
In general, the extent of areas with higher antimicrobial consumption decreased between 2008 for the three herd types. In the 
following years, these areas changed according to the month and the type of herd. The Kernel smoothing maps evidenced increases on 
the number of areas with a higher antimicrobial consumption for weaner herds in north of Jutland (June 2011 and between October 
2011 to February 2012), eastern and south of Jutland (July 2012 and February 2013), both in Jutland and Funen (July 2014) and 
north and central west of Jutland (between 2016 and 2017). For sow herds, these areas were found in the south of Jutland (all 2010) 
and central Jutland (March 2015 and June 2016). Regarding the areas with higher antimicrobial consumption in finisher herds, the 
same areas covered a larger geographic area and were located in Jutland, Funen, and Zealand.  
The declines in the antimicrobial consumption observed from the implementation of the Yellow card scheme continued into the first 
year after the enforcement. The general lower antimicrobial consumption helped to identify small geographical locations with 
increases on antimicrobial consumption in specific months after the implementation of the Yellow card scheme. Herd-level studies 
should be carried out to investigate further the causal factors for these increases in antimicrobial use such as the occurrence of disease 
outbreaks. Quantification of such causal factors is crucial as decision support to future strategies for disease surveillance and outbreak 
detection.
Figure 1
About Submit Journals Research Topics
Search for articles, people, events and more. Login Register
EVENT ABSTRACT Back to Event
8/28/2019 Frontiers | Spatial analysis and temporal trends of antimicrobial use in Danish pig herds following the introduction of the Yellow Card …
https://www.frontiersin.org/10.3389/conf.fvets.2019.05.00064/event_abstract 2/2
Figure 2
References
1. Salman M. Animal Disease Surveillance and Survey Systems: Methods and Applications. 1st Editio. Iowa: Blackwell Publishing; 2003.
https://www.amazon.com/Animal-Disease-Surveillance-Survey-Systems/dp/0813810310. 2. Buckeridge DL. Outbreak detection through automated surveillance: A
review of the determinants of detection. J Biomed Inform. 2007;40:370–9. 3. Stege H, Bager F, Jacobsen E, Thougaard A. VETSTAT—the Danish system for
surveillance of the veterinary use of drugs for production animals. Prev Vet Med. 2003;57:105–15.
http://www.sciencedirect.com/science/article/pii/S0167587702002337. Accessed 13 Jan 2014. 4. DANMAP. DANMAP. 2015. http://www.danmap.org/. Accessed
10 Feb 2016. 5. Jensen VF, Jacobsen E, Bager F. Veterinary antimicrobial-usage statistics based on standardized measures of dosage. Prev Vet Med. 2004;64:201–
15. doi:10.1016/j.prevetmed.2004.04.001. 6. West M, Harrison J. Bayesian Forecasting and Dynamic Models. 2nd Ed. New York, USA: Springer; 1997. 7. Bowman A,
Azzalini A. R package sm: Smoothing methods for nonparametric regression and density estimation (version 2.2-4). 2013.
Keywords: antimicrobial, Monitoring, Spatio - temporal databases, Swine, Denmark
Conference: GeoVet 2019. Novel spatio-temporal approaches in the era of Big Data, Davis, United States, 8 Oct - 10 Oct, 2019. Presentation Type: Poster-no session
Topic: Spatio-temporal surveillance and modeling approaches
Citation: Lopes Antunes A and Jensen VF (2019). Spatial analysis and temporal trends of antimicrobial use in Danish pig herds following the introduction of the Yellow Card
scheme. Front. Vet. Sci. Conference Abstract: GeoVet 2019. Novel spatio-temporal approaches in the era of Big Data. doi: 10.3389/conf.fvets.2019.05.00064
Copyright: The abstracts in this collection have not been subject to any Frontiers peer review or checks, and are not endorsed by Frontiers. They are made available through
the Frontiers publishing platform as a service to conference organizers and presenters.
The copyright in the individual abstracts is owned by the author of each abstract or his/her employer unless otherwise stated.
Each abstract, as well as the collection of abstracts, are published under a Creative Commons CC-BY 4.0 (attribution) licence
(https://creativecommons.org/licenses/by/4.0/) and may thus be reproduced, translated, adapted and be the subject of derivative works provided the authors and Frontiers
are attributed.
For Frontiers’ terms and conditions please see https://www.frontiersin.org/legal/terms-and-conditions. Received: 31 May 2019; Published Online: 27 Aug 2019.
* Correspondence: DVM, PhD. Ana Carolina Lopes Antunes, DTU Veterinary Institute, Technical University of Denmark, Kongens Lyngby, 2800, Denmark,
anacarollantunes@gmail.com
© 2007 - 2019 Frontiers Media S.A. All Rights Reserved
